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Prompt NO formation in combustion processes has been relatively well-understood since the early work of Fenimore [1] . The rate-lim iting reaction has long been thought to be CH + N 2 ^ HCN + N. Recently, however, it has been found th at this reaction, which is spin forbidden, has to be replaced by CH + N 2^N C N + H [2 ] . By now, this reaction is being in corporated in chem ical m echanism s [3] [4] [5] . The impor tance of NCN in combustion processes has also been derived from studies on NO [6] and HCN [7] .
The spectroscopy of NCN has been pioneered by Herzberg and Travis [8] and later expanded by, e.g., Kroto et al. [9] , Sm ith and co-workers [10] , and Beaton et al. [11] . Its diagonal transitions [e.g., (000)-(000) or (020)-(020)] are much stronger than the off-diagonal ones [e.g., (020)-(000)]. NCN has been observed in em ission of flam es containing active nitrogen [12] or cyanogen [13] and in comets [14] . NCN has first been observed in flames by laserinduced fluorescence (LIF) by Sm ith [15] , using a m eth ane-air flame w ith fuel equivalence ratio $ = 1.3 at 40 hPa. In that study, NCN is excited in the 327 -3 2 9 nm range, where the signals are due to the A 3n"(000) -X 32 "(000) band and (010)-(010) hot bands. The LIF w avelength of th ese bands is (almost) resonant w ith the excitation wavelength. More re cently, NCN LIF has been detected in very sim ilar flames [16, 17] (at 40 and 53 hPa, respectively) and in a shock tube [18] , usin g the sam e transitions. In [16, 18] the signal is assigned to NCN based on the excitation w avelength of 329.13 nm. Nearby OH LIF is employed in [16] to obtain sem iquantitative NCN mole fractions, w hile use of cavity ringdown spectros copy and spectral sim ulation yielded an absolute NCN concentration of 170± 90 parts in 109 (ppb) in the flame used in [17] .
E lastic light scattering is m anageable at the low pressures used in [15] [16] [17] , but at higher pressures, more realistic for practical combustion applications, it becomes problematic. This can be avoided by using the NCN A 3n K(020) -X 32 -(000) band, as suggested in [10] (but not observed in [15] ). The current Letter describes the first LIF detection of this band in flames (at 200 h P a and atm ospheric pressure), and excitation and dispersed fluorescence spectra are compared to data in [10] . Since insufficient spectro scopic data is known for this band (in contrast to the bands used in [15] [16] [17] [18] ), results presented here m ust rem ain qualitative.
The burner system is alm ost identical to the one described in [19] ; some details are given here. The 
nm [10] by frequency doubling (in a KDP crystal) the output of a Nd:YAG-pumped tunable dye laser [Quantel YG781C10 (5 ns pulse) and Q uantel TDL50, respectively] operating on a mixture of 4-dicyanom ethylene-2-m ethyl-6-(p-dim ethylam inostyryl)-4H-pyran (DCM) and pyridine-1 dyes dis solved in ethanol. The resulting ultraviolet laser light is focused above the burner by an f= 4 3 0 mm lens and has a FWHM diam eter of 0.7 mm. The laser beam po larization is such th at detection of Rayleigh scatter
ing is m inimized, but it is still significant. The laser power is 5 0 -1 0 0 ^J/p u lse, so saturation is not ex pected to happen for NCN or CH, but may occur for OH (which is recorded for w avelength calibration purposes only). Since the selected NCN band is rela tively weak, higher laser powers may be used while still avoiding saturation.
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The LIF signal is observed at right angles to the la ser beam w ith an intensified CCD cam era (Princeton Instrum ents THM, 512 X 512 pixels, 16-bit dynamic range), which is mounted behind a spectrograph (Ac ton SP300i) equipped w ith a U V Nikkor f= 105 mm, f/4 .5 lens. The spectrograph entrance slit is parallel to the laser beam and the burner deck. Dispersed fluorescence spectra have been taken w ith a 2400 grooves/m m grating, yielding a total view of about 18.8 nm in one direction of the cam era image (0.037 nm /pixel). The perpendicular im age direction represents spatial information (at 0.15 m m /pixel) and captures more than the entire width of the flame. To increase the sign al-n oise ratio, however, spectra have been recorded w hile binning together pixels in the spatial direction over alm ost the entire width of the flame. In this w ay dispersed fluorescence spectra could be recorded rapidly and continuously w hile the laser excitation w avelength w as scanned slowly, yielding two-dim ensional excitation-dispersion spec tra. Figure 1 presents an exam ple of this, in which 100 laser shots are integrated per dispersed fluores cence spectrum. From these spectra separate excita tion and dispersed fluorescence spectra are easily ob tained. The spectrograph-cam era combination is also used to record the position of the flame front, using CH* chem ilum inescence as a marker.
The LIF signal of NCN and spectrally nearby tran sitions of OH (A -X system ) and CH (C-X system ) are recognizable in Fig. 1 and the w Fig. 1 , shows th at in case of nearly equal excitation w avelengths, species can still be identified and spectrally separated by their dispersed fluores cence w avelengths. Reference m easurem ents of CH LIF are performed by exciting the P 1(9)(0,0) C -X transition at 316.943 nm. The population of the lower level of this transition is relatively insensitive to tem perature variations in the range encountered in this flame, so that its inten sity is a coarse m easure of the local CH density. Fig. 1, is presented in Fig. 2 . Only fluorescence be tw een 325.67 and 326.00 nm is selected for extract ing the excitation spectrum. The P 2(15) (0,0) and U se of the current detection schem e, which has a m axim um fluorescence signal at a w avelength clearly separated from the excitation wavelength, allows de tection of NCN under (flame) conditions where elastic laser light scattering may be too large for resonant detection, that is at higher pressures or very close to a surface. These last two conditions both apply to the m easurem ents at atm ospheric pressure presented here, but in this case LIF of NCN can still be detected at the flame front because a spectrograph is used. The thickness of the flame front and its separation from the burner allow dispersed fluorescence spectra of NCN to be recorded versus h ab at 200 hPa. To this end, a linear background is fit and the rem aining net signal betw een 325.71 and 326.07 nm is integrated. A sim ilar procedure is followed for dispersed fluores cence spectra of CH after exciting the P 1(9)(0,0) C -X transition. In this case the net signal of the Q branch is integrated betw een 313.87 and 314.79 nm, w ith in tegration of 200 laser shots per spectrum being suffi cient. The resulting variations of net NCN and CH signals w ith h ab are shown in Fig. 4 .
avelengths of OH and CH lines are used for accurate spectral calibra tion of both w avelength axes using LIFBASE [20]. Em ploying an excitation-dispersion spectrum, as d is played in

An excitation spectrum of the A -X (020)-(000) band head of NCN at 316.970 nm [10], derived from
From this data it is clear th at the NCN signal peaks som ew hat higher above the burner than CH, that the NCN distribution is som ew hat narrower than th at of CH, and also that the presence of NCN is lim ited to the flame front. These results are sim ilar to those observed in [15] [16] [17] . In those studies the FWHM of the NCN distribution is slightly larger than 2 mm (at ^5 3 hPa), w hereas here it is about 0.9 mm at 200 hPa. This difference is caused by the higher pressure. The h ab of m axim um NCN signal presented here differs from th at in [15] [16] [17] , but apart from pressure effects this may be due to different burner-flam e conditions in those studies.
In summary, clear spectra of the NCN 
